Abstract -The production of red pigments by Monascus ruber was evaluated utilizing complex culture media composed of glucose or sucrose (10 g/L), corn steep liquor (5 or 10 g/L) and monosodium glutamate (0, 5.0, 7.6, 11.4 or 15.2 g/L). Medium containing 10 g/L glucose, 5 g/L corn steep liquor and 7.6 g/L monosodium glutamate resulted the highest values of extracellular red pigment absorbance (20.7 U) and productivity (0.35 U/h). This medium also produced better results than using semi-synthetic medium with analytical grade reagents (12.4 U and 0.21 U/h). The cell growth was similar in both media (X ≅ 6.5 g/L), indicating that the capacity of the cells to produce red pigments was higher in complex culture media. In addition, in the complex culture medium, less of the intracellular red pigments accumulated than in semi-synthetic medium (9.1% and 30%, respectively).
INTRODUCTION
Monascus sp., a filamentous fungus has been used to make rice wine, soy bean cheese and anka (red rice) in many Asian countries (especially Japan and China) for centuries. According to Juslová et al. (1996) this fungus produces at least six types of pigments: two yellow-colored (ankaflavin and monascin), two orange-colored (rubropunctatin and monascorubrin) and two red-colored (rubropunctamine and monascorubramine).
The interest in red pigments produced by Monascus sp. in the food industry has been growing because of their wide application (meat, fish, ketchup, liquor, etc.) and also due to the carcinogenic and teratogenic effects of some synthetic colorants, like nitrosamines formed from nitrites and nitrates in cured meats.
Generally, Monascus pigments are intracellular and they are insoluble in water. But appropriate cultivation conditions (mainly the pH and the use of monosodium glutamate as nitrogen source) can result in extracellular and water-soluble pigments (Lin and Demain, 1991; Pastrana et al., 1995; Jung et al., 2003) .
Although some authors describe glucose as the most appropriate carbon source for Monascus cultures, others point to ethanol or sucrose as better sources, probably because the growth rates are obtained are lower than that on glucose, resulting in a higher specific production of the pigments, which are secondary metabolites (Juslová et al., 1996; Santerre et al., 1995) .
Natural raw materials and by-products of industry (sugar cane molasses, corn steep liquor, cheese whey) have wide use as culture media in fermentation processes because of their low cost since the medium components can represent from 38 to 73% of the total production cost, (Schmidell, 2001) . Corn steep liquor is a by-product obtained from the corn wet-milling industry, and it is traditionally used for penicillin production by Penicillium chrisogenum (Ligget and Koffler, 1948) as well as for the production of ethanol by Zymomonas mobilis (Silveira et al., 2001 ), β-Dgalactosidase by Kluyveromyces marxianus (Furlan et al., 2000) or lactic acid by Lactobacillus rhamnosus (Rivas et al., 2004) . This by-product is almost always utilized as nitrogen source, but it also contains sugars, amino acids, ash and vitamins (Ligget and Koffler, 1948; Stanburry and Whitaker, 1984) .
In case of red pigment production by Monascus sp., the cost of the culture medium cost is certainly a significant fraction of the total cost, because of the low cost of the product and the lack of purification. The raw fermentation medium of semisolid cultures of Monascus sp. in rice, for example, is used directly as the red pigment in foods.
The aim of the work is to develop a suitable complex culture medium for red pigment production by Monascus ruber, based mainly the utilization of corn steep liquor, besides monosodium glutamate (in order to obtain water-soluble red pigments) and sucrose instead of glucose (in order to achieve a higher specific red pigment production and because sucrose is cheaper than glucose in Brazil).
MATERIALS AND METHODS

Microorganism and Conservation
A strain of Monascus ruber LEB A4-5, isolated from Chinese commercial red pigments, was employed. A suspension of vegetative cells was stored at -80°C in cryotubes (10 mL each) containing 20% glycerol, in accordance with Kitamoto et al. (2002) .
Culture Media
Medium for inoculum preparation ( In Table 1 the complete media composition of the experiments with corn steep liquor is given. All the salts described for medium 2 and the yeast extract were excluded.
All media were prepared with distilled water and the pH was adjusted to 5.5 prior to sterilization at 121ºC for 20 minutes. Glucose, sucrose and corn steep liquor were sterilized in a separate solution in order to avoid the Maillard reaction. 
Experiments
Erlenmeyer flasks (500 mL) containing 80 mL of media each and 20 mL of defrosted cell suspension were incubated at 30°C, 300 rpm, for approximately 80 h (time required for stabilization of extracellular red pigments production).
Sampling: 5 g samples were collected in duplicate at regular intervals (one for determination of extracellular pigment, cell concentration, glucose or sucrose concentration and pH, and the other for quantification of intracellular pigments).
Analytical Methods
Dry cell concentration (X): each sample was vacuum filtered through weighed membrane filters (ME 28 cellulose ester membranes, Schleicher & Schull, Germany), washed with distilled water, dried in a microwave oven (15 min, 180 W) and maintained in desiccators for 15 min before weighing (Olsson and Nielsen, 1997) .
Glucose (G): glucose concentration was obtained by the enzymatic method employing glucose-oxidase (Glucose GOD FS, Diasys, Diagnostic Systems International, Germany) and the results were expressed in grams per liter. The calibration curve ranged from 0.2 to 1.0 g/L.
Sucrose (S): sucrose concentration was obtained by high performance liquid chromatography (HPLC), using a KS802 (SHODEX, Japan) column with water as mobile phase, a flow rate of 0.6 mL/min and a temperature of 35°C. The calibration curve ranged from 0.05 to 10.0 g/L.
Extracellular red pigments: red pigment production was indirectly evaluated by means of absorbance measurements, performed in cell-free samples with a scanning spectrophotometer at 500 nm (Beckman, DU 530 UV/Vis Spectrophotometer, USA).
Intracellular red pigments: the sample was weighed and filtered through a fiberglass membrane. Cellular mass retained on the membrane was blended with 50 mL of ethanol (70 %, v/v) and sonicated (Branson Sonifier, model 250, USA) for 40 min at 120 W; ethanol (70 %, v/v) was then added to the sample volume to obtain 50 mL and the sample was transferred to a flask (50 mL), placed in a water bath (60° C) for 2 h and filtrated under vacuum (ME 25 cellulose ester membranes, Schleicher & Schuell, Germany). Absorbance was measured in the same way as for extracellular red pigments.
Data Analysis
In order to evaluate cell production of red pigment, the following parameters were determined: specific production of extracellular red pigments on cells (P e extra ), specific production of intracellular red pigments on cells (P e intra ), productivity obtained in the maximum extracellular red pigment absorbance (P extra ) and specific production of total (extracellular and intracellular) red pigments on cells\ (P e total ). These parameters were determined according to equations 1, 2, 3 and 4.
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RESULTS AND DISCUSSION Table 2 shows the results of the three reference experiments -PG -done simultaneously with the three set of experiments identified in Table 1 . On the basis of the low standard deviation verified for cell growth and red pigment production, it is possible to conclude that cells are stable and that the experiments are reasonably reproducible. The exception is the time taken to achieve maximum absorbance of extracellular red pigments and, therefore, the productivity in experiment PG3, resulting in standard deviations of around 20%, while other standard deviations vary around 1%.
In the first and second sets of cultures described in Table 1 , culture media were composed of glucose or sucrose, different concentrations of corn steep liquor and monosodium glutamate (G10A5, G10A10, G10A5GM7.6, G10A10GM7.6, S10A5, S10A10, S10A5GM7.6 and S10A10GM7.6). The medium that resulted in the highest red pigment production was selected for the set of cultures 3, which evaluated the effect of the concentration of monosodium glutamate on red pigment production (GM5.0, GM7.6, GM11.4 and GM15.2). Figure 1 shows dry cell concentration (X), extracellular red pigment absorbance (Abs extra ), glucose (G) or sucrose (S) concentrations and pH during cultivation time (t) of Monascus ruber LEB A4-5 in the cultures in sets 1 and 2. According to Figure 1 , the growth phase of M. ruber LEB A4-5 ended after 20 to 30 h of cultivation. Sucrose consumption was low despite cell growth, which was probably because monosodium glutamate was the carbon and energy source.
The production of pigments in media with glucose started after the growth phase ended, therefore depicting a production not associated with growth . Table 3 shows that the rate of cell growth was higher in media with glucose than in media with sucrose as cell concentration reached average values of 6.5 and 4.8 g/L, respectively. Specific production of extracellular red pigments on cells (P e extra ) and productivity (P) up to 5.9 and 8.8 times higher in media with glucose than in media containing sucrose, were obtained respectively. Sucrose, therefore, is not a suitable source for cell growth or for red pigment production by M. ruber LEB A4-5.
The low production of red pigments in media with sucrose is possibly due to the lack of monosodium glutamate, consumed for cell growth (Lin et al., 1992; Hajjaj et al., 1997; Jung et al., 2003) . Table 2 PS: reference experiment with medium 2 and sucrose
Corn steep liquor and monosodium glutamate are both important for red pigment production, according to the results of the experiments with glucose in Table 3 , because the mean absorbance of 12.3U in the reference experiment -PG -increased to 16.7U with corn steep liquor and to 20.7U with both corn steep liquor and monosodium glutamate. Cultures G10A5GM7.6 and G10A10GM7.6 reached values of P e extra and P extra , respectively up to 42.6% and 288.9% higher than the cultures utilizing media without monosodium glutamate.
The best results were obtained in experiments G10A5GM7.6 and G10A10GM7.6. Their values for Abs max extra , P e extra and P extra were almost the same. Therefore, the medium with a lower corn steep liquor concentration was selected (G10A5GM7.6) for the set of experiments E2, since the aim of the present work was to develop a low-cost medium for Monascus red pigment production.
As the results of Abs max extra and P e extra obtained in experiments GM5.0, GM7.6, GM11.4 and GM15.2 did not show any significant variation (Table 4) , except the lower productivity -P extra -of medium GM5.0, the best medium for red pigment production was G10A5GM7.6.
Besides a higher total red pigment production (3.50 U.L/g) than medium 2 (2.69 U.L/g), medium G10A5GM7.6 allows an increase in excretion capacity of red pigments, according to the values of specific intracellular red pigments on cells reported in Table 5 . 
CONCLUSIONS
Corn steep liquor is a suitable source of nitrogen and salts for red pigment production by M. ruber, thereby substituting various salts and yeast extract.
The higher red pigment production and productivity (20.7 U and 0.35 U/h) were obtained utilizing 10 g/L glucose, 5 g/L corn steep liquor and 7.6 g/L monosodium glutamate instead of the reference medium, composed of salts and yeast extract, where production and productivity were 12.4 U and 0.21 U/h, respectively. Besides, in the complex culture medium, extracellular pigments represents 90.9 % of the total production, while in the reference medium, they represent 77%.
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